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EFFECT OF BOND COAT CREEP AND O X I D A T I O N  ON TBC I N T E G R I T Y  

E.C. Duders tad t  and B.H. P i l s n e r  
General E l e c t r i c  Company 
C i n c i n n a t i ,  Ohio 45215 

The p o t e n t i a l  o f  thermal  b a r r i e r  coa t ings  (TBC's) on h igh-pressure t u r b i n e  
(HPT) nozz les  and b lades  i s  l i m i t e d  a t  p resent  by t h e  i n a b i l i t y  t o  q u a n t i t a t i v e l y  
p r e d i c t  TBC l i f e  f o r  these components. 
i s o l a t e  t h e  major  TBC f a i l u r e  mechanisms, which i s  p a r t  o f  a l a r g e r  program aimed 
a t  deve lop ing  TBC l i f e  p r e d i c t i o n  models. Based on t h e  r e s u l t s  o f  exper iments t o  
i s o l a t e  T6C f a i l u r e  mechanisms, t h e  e f f e c t s  o f  bond c o a t  o x i d a t i o n  and bond c o a t  
creep on TBC i n t e g r i t y  i s  discussed. I n  bond c o a t  o x i d a t i o n  experiments, Rene' 80 
specimen; coated  w i t h  a NiCrAlY/Zr02-8% Y2O3 TBC rece ived  i so the rma l  pre-exposures 
a t  20bO F i n  s t a t i c  argon, s t a t i c  a i r ,  o r  rece ived  no pre-exposure. The e f f e c t s  
of o x i d a t i o n  due t o  these pre-exposures were determined by thermal  c y c l e  t e s t s  i n  
b c t h  s t a t i c  a i r  and s t a t i c  argon a t  2000 O F .  

creep on TBC behav io r ,  f o u r  bond coa ts  w i t h  d i f f e r e n t  creep p r o p e r t i e s  were 
eba lua ted  by  thermal  c y c l e  t e s t s  i n  a i r  a t  2000 O F .  The t e s t  r e s u l t s ,  t h e  r e l a t i v e  
impor tance o f  t hese  two f a i l u r e  mechanisms, and how t h e i r  e f f e c t s  may be q u a n t i f i e d  
w i l l  a l s o  be d iscussed.  

The goa l  o f  t h e  work desc r ibed  here  was t o  

To s tudy  t h e  e f f e c t  o f  bond coa t  

TABLE I .  

S b s t  rote( Rene ' 30) : IJ i -1 4Cr-9,SCo-T i-41%-%l-OI 17C-O103Zr-0, 01 5B 

Bond Coating : IJi-22Cr-lOAl-OIfl (Low Pressure 

TOP Coating : Zn02 - 3Y203 (Air P l a m  Spray) 

P l a m  Spray) 

43 



TABLE 11. 

Gond Coat Creep System Slbstrate/Bond Coat ing/Over Coat ing/Top Coat ins 
Strength 

1 Rene' 80 / IJi-Cr-Al-Y / Alminide / Zr0,-Y20, Low 
I 

2 Rene' ;rO / S w r a l l o y  1/ Allminick / ZrO2-Y2O3 

Rene' 30 / Slperalloy 2/ Aluninide / Zf12-Y203 - 
2 

4 M e '  80 / Slperalloy 3/ Aluninide / Zr02-Y203 
# 

High 

1, ETEMIr4E T H E M  BARRIER COATITJG FAILURE ~~lECHN4ISMS 

-- Bond Coat Oxidation 

-- Bond Coat Creep 

Them1 Barrier Coating L i fe  Prediction Pbdel 

-- Failure kchanisms 

-- Key Mechanical ProPert ies 

-- T h e m h a n i c a l  ProPert ies 

2, 

Figure 1. 
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APS TOP COAT 

LPPS BOND COAT 

SUBSTRATE 

APS TOP COAT 

ALUMlNlDE O V E R  COAT 
c I LPPS BOND COAT 

SUBSTRATE 

Figure 2. 
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R4PID TEWERATUFE FURTflCE 

--- 10 minute heat u, 
--- 45 minute emsure at  2000 F 

--- 15 minute forced coolins 

F i g u r e  3. 
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-J-= -Round Specimen to Better 
Simulate Curvature of 
Engine Components 

2 . 5  in. 

' ZrO2-8XP203 Layer (10 mils) 
Ends Free of Zirconia to 
Eliminate End Effect 

1 Complications 

0.6 in. Dia x 3.5 in. R e d  80 
Tube Fully Coated with LPPS 
NlCrAlY Bond Coat (5 m i l s )  

Figure 4. 

THERMAL CYCLIC TESTS I N  STATIC A I R  

E f f e c t  of Other  
TA Phenomena 

E f f e c t  of Oxide 
scale  Buildup 
During Pre-exposure 

I n e r t  Pre-exposure 

-~ 

0 
Pre-exposure T ime  (Hours a t  2000 F)+ 

Figure 5. 
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THERMAL CYCLIC TESTS I N  STATIC ARGON 

E f f e c t  of Other  
TA Phenomena 

E f f e c t  of Oxide 
s c a l e  Buildup 
During Pre-exposure 

Base l ine  T e s t  i n  S t a t i c  A i r  

0 
Pre-exposure T i m e  (Hours at 2000 F) 

Figure 6. 

THERMAL C Y C L I C  TESTS I N  STATIC A I R  

i f f e c t  O f  

Iond Coat 
) x i  d a t  i on 
h r i  ng 
' e s t i n g  

E f f e c t  o f  Other  
TA Phenomena 

E f f e c t  o f  Bond 
Coat O x i d a t i o n  
D u r i n g  Pre-exposure 

v- N m U 
x x x x 

0. 0 0 

a U U U 

2 d d 
2 2 2 2 

0 
2 

I I I I 
B o n d  C o a t  C r e e p  S t r e n g t h -  

Figure 7. 
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Figure 8. 

49 ORIGINAL PAGE 
B U C K  AND WHITE PHOTm)PUst( 



0 
00 

ORIGINAL PAGE IS 
OE ? W R  QBALITY: 

50 





-J 

LI 

- 
a 

c3 
z 
U 

I-- 
< 
0 u 
0 
I-- 

m 
w 
-I 
u 
>- 
u 

300- 

250- 

200- 

150. 

100 

50 

0 

OXIDIZING PRE-EXPOSURE A T  2000F 

40 1bO 1150 do0 250 300 350 400 450 500 
I I I I I I 

PRE-EXPOSURE T I  ME (hours) 

Figure 11. 

RAPID TEMP THERMAL CYCLE TEST A T  2000 F 
45 MINUTE EXPOSURE - 15 MINUTE COOL DOWN 

Oxldlzing Pre-exposwe 
1 

A 

Inert  Prefexposure I 

I 
50 I b O  150 2bO 2150 300 350 400 450 500 

I 1 I I I 
I 

PRE-EXPOSURE TIME (HOURS A T  2000 F) 
Figure 12. 
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